Dehydroepiandrosterone (DHEA), 7-keto DHEA, and several comparison drugs (ethanol, chlordiazepoxide, rauwolscine, were administered to male rats responding under a multiple schedule of food and ethanol presentation to determine their selectivity for decreasing ethanol-maintained responding. DHEA and 7-keto DHEA significantly decreased both ethanolmaintained and food-maintained responding, compared with the control, while also decreasing the blood ethanol concentration (BEC). Acute ethanol administration also decreased responding for both food and ethanol; however, ethanol-maintained responding was more potently decreased than food-maintained responding. BEC remained relatively stable after increasing ethanol doses. Among the other drugs tested, RO15-4513 was the most selective for decreasing ethanol-maintained responding compared with food-maintained responding, and it decreased BECs as ethanol-maintained responding decreased. The largest dose of rauwolscine significantly decreased responding for food, whereas it did not affect ethanol-maintained responding compared with the control. Low to intermediate doses of rauwolscine produced small, nonsignificant increases in ethanol-maintained responding and BECs. Chlordiazepoxide produced significant decreases in food-maintained responding and the dose of ethanol presented, but only at the highest dose tested. Although DHEA and 7-keto DHEA did not decrease ethanol-maintained responding as selectively as ethanol or RO15-4513 under the multiple schedule, these neurosteroids may be valuable pharmacological tools in the development of new treatments for alcohol abuse and dependence.
Introduction
The suggestion that the neuroactive steroids could potentially serve as new pharmacotherapies for alcohol abuse closely followed the discovery of their capacity for mediating some of the effects of ethanol (Morrow et al., 1999; O'Dell et al., 2005) . This notion is also consistent with data from this laboratory showing that the neurosteroid dehydroepiandrosterone (DHEA) can dose dependently decrease voluntary ethanol intake in individuals with a long history of ethanol consumption . Although the mechanism and selectivity of this effect are still unknown, ligands with the capacity for negatively modulating the g-aminobutyric acid A (GABA A ) receptor such as DHEA can reduce ethanol intake either directly by altering chloride flux through the GABA A receptor channel (June et al., 2001 (June et al., , 2003 , or indirectly by altering the composition (i.e. subunits) of the GABA A receptor (Yu et al., 1996) . This modification of GABA A receptor function could, in turn, alter the discriminative stimulus or reinforcing effects of ethanol; however, neither DHEA nor its sulfated conjugate DHEA-S have been shown to markedly alter the discriminative stimulus effects of ethanol (Bienkowski and Kostowski, 1997; . Given these findings, there still remains the possibility that DHEA may reduce the reinforcing effects of ethanol or that it works by some other behavioral or pharmacological mechanism. For example, DHEA can decrease the total caloric intake in both mice and leptin receptor-deficient Zucker rats (Porter and Svec, 1995; Svec and Porter, 1997) , and this effect on appetitive behavior may decrease the effectiveness of ethanol as a reinforcer. The purpose of this study was to determine whether DHEA-induced decreases in ethanol intake are selective for ethanol or whether DHEA uniformly affects responding for all appetitive reinforcers (e.g. food). To eliminate the possibility that the interaction of DHEA with ethanol was the result of its metabolism to the sex hormones (i.e. testosterone and estradiol), 7-keto DHEA, which is not metabolized to these hormones, was also tested (Davidson et al., 2000) .
To establish food-maintained and ethanol-maintained behaviors, subjects were trained to respond under a multiple schedule. The use of schedule-controlled operant responding allowed for the precise measurement of food and ethanol consumption by only providing subjects with access to discrete quantities of food and ethanol contingent upon specific response requirements. This has an advantage over many home-cage or voluntary drinking experiments in which measurements of ethanol and food intake can be corrupted by the loss of ethanol (e.g. due to spillage or by inversion of a bottle) or the loss of food (e.g. rodent chow) in the subject's bedding. In addition, the effects of drugs on schedule-controlled behavior can be quantified easily using dependent measures such as the response rate. Finally, schedule-controlled responding limits the day-today variability of consummatory behavior when compared with that in subjects with unlimited access to food and water (Winsauer and Riley, 1988) .
For comparison purposes, several other drugs that have been shown to affect either food or ethanol intake were also administered. Chlordiazepoxide, for example, is a positive allosteric modulator of the GABA A receptor complex that facilitates GABA binding by binding to the benzodiazepine receptor site (Serfozo and Cash, 1992) , and drugs with this mechanism of action have been shown to increase food intake (Sanger, 1984; Cooper and Moores, 1985; Winsauer et al., 1994) . Rauwolscine is an a-type-2 receptor antagonist, and drugs with this mechanism of action have been shown to decrease food intake (Callahan et al., 1984) but increase operant responding for ethanol reinforcement Marinelli et al., 2007) . Finally, the negative GABA A receptor modulator RO15-4513 was administered because of its previously demonstrated capacity for decreasing ethanol intake in a variety of experimental procedures (Samson et al., 1987; McBride et al., 1988; Balakleevsky et al., 1990) .
Methods

Subjects
Twenty-four male Long-Evans hooded rats (Harlan Laboratories, Indianapolis, Indiana, USA) served as subjects. All subjects were 46-50 days of age and were housed singly in polypropylene cages with hardwood chip bedding in a colony room maintained at 21 ± 21C with 50 ± 10% relative humidity on a 14-h light/10-h dark cycle (lights on at 06:00 h CST). Standard rodent chow (Rodent Diet 5001; PMI Inc., Brentwood, Missouri, USA) was freely provided until postnatal day 79. Subjects earned 45-mg food pellets (TestDiets, a division of LabDiet, Richmond, Indiana, USA) during the experimental sessions and, when necessary, were provided chow in the home cage after the test sessions in order to maintain them at 90% of their freefeeding weight. This was determined by averaging each subject's weight over 10 days from postnatal day 70-79. Subjects ranged in weight from 340 to 410 g. Water was freely available in their home cage. This study was carried out in accordance with the guidelines of the Institutional Animal Care and Use Committee of the Louisiana State University Health Sciences Center and the Committee on Care and Use of Laboratory Animal Resources, as adopted and promulgated by the U.S. National Institutes of Health.
Apparatus
Nine identical modular test chambers (Model E10-10TC; Coulbourn Instruments, Allentown, Pennsylvania, USA) configured specifically for rodents were used. Located on the front wall of each chamber were a house light, a speaker, a response lever (6.5 cm above the floor and centered), three colored stimuli above the lever, a pellet trough (2 cm above the floor and 5 cm to the left of the response lever), a concave liquid reservoir (2 cm above the floor and 5 cm to the right of the response lever), and a recessed drinking trough (centered 4 cm above the concave spout and 5 cm to the right of the response lever). The three stimuli above the lever were aligned horizontally and could be illuminated by three Sylvania 28ESB (Osram Sylvania, Danvers, Massachussetts, USA) indicator lamps: one with a red plastic cap, one with a yellow cap, and one with a green cap. The response lever required a minimum force of 0.25 N for activation, and responses produced an audible click of a feedback relay that was mounted behind the response panel. A liquid solenoid (Parker Hannifin Corp., New Britain, Connecticut, USA), also mounted behind each panel, dispensed liquid from a 50ml centrifuge tube to the liquid reservoir in the chamber when activated. A separate feeder dispensed pellets to the pellet trough. Each chamber was enclosed within a soundattenuating cubicle equipped with a fan for ventilation, and white noise from the speaker was used to mask extraneous sounds. All test chambers were connected to a computer programmed in MED-PC for Windows, version IV (MED Associates Inc., St Albans, Vermont, USA).
Behavioral procedure
Subjects were trained to consume ethanol orally using a modified saccharin-fading procedure (Samson, 1986; Leonard et al., 2006) . Before each daily training session, subjects were weighed and then placed in an illuminated operant chamber in which each subject had access to a 50-ml plastic centrifuge tube that contained a saccharin/ ethanol solution. Each tube was fitted with a rubber stopper and a metal sipper tube that was freely accessible to the subject from within the drinking trough. Rats were allowed 30 min of free access to the saccharin/ethanol solution. At the end of the 30-min session, the drinking tubes were removed and the subjects were weighed and then returned to their home cage. The volume of the solution consumed was determined by weighing the tubes before and after the session. The dose of ethanol was calculated as g/kg of body weight on the basis of the volume of solution consumed and the mean body weight for each subject. All solutions were prepared fresh daily.
Rats initially received a 0.125% (w/v) saccharin sodium (Fischer Chemicals, Fair Lawn, New Jersey) solution that was gradually replaced with 32% v/v ethanol over subsequent training sessions (i.e. as the saccharin concentration was reduced from 0.125 to 0%, the ethanol concentration was increased from 1 to 32%). The solutions were presented in the following order: 0.125% saccharin/1% ethanol, 0.1% saccharin/2% ethanol, 0.05% saccharin/5% ethanol, 0.01% saccharin/8% ethanol, 0% saccharin/10% ethanol, 0% saccharin/18% ethanol, and 0% saccharin/32% ethanol. Each saccharin/ethanol solution was presented daily until either a stable level of intake was observed (± 20% of the mean for 3 consecutive days) or a maximum of 8 days had elapsed.
To shift the subjects from voluntary consumption of ethanol to operant responding for ethanol, the green stimulus light above the lever was illuminated, and every response on the lever dispensed 0.1 ml of 32% v/v ethanol into the concave liquid reservoir situated to the right of the lever and below the drinking trough. After rats reliably pressed the lever under this continuous reinforcement schedule, the number of responses necessary for reinforcement was increased until the subjects were responding under a fixed-ratio (FR) 10 schedule (i.e. every 10 lever presses dispensed 0.1 ml of 32% v/v ethanol). After 5 days of stable responding under this schedule (i.e. the volume of ethanol consumed did not vary by more than 30% from day to day), another component was added to create the multiple schedule. In this component, a red stimulus light above the lever was illuminated, and rats responded under a continuous reinforcement schedule in which a single lever press illuminated the pellet trough briefly (0.4 s) and dispensed a 45-mg food pellet. As training progressed under this multiple schedule, the number of responses required for food reinforcement was increased until rats were responding under a FR-20 schedule. Strict alternation of the two components occurred after 20 reinforcers or a specified period of time (i.e. 5 min for food components and 10 min for ethanol components), whichever occurred first. However, component alternations were restricted to the specified component duration during and after the testing of DHEA and 7-keto DHEA. The purpose of this manipulation was to limit the development of adventitiously or superstitiously reinforced responding (for an in-depth discussion on adventitious reinforcement see Sidman, 1960) . Thus, if 20 reinforcements occurred before the specified component duration, the discriminative stimuli over the lever were extinguished and responding had no programmed consequence until the component timed out. Each component was also followed by a 1-min changeover delay in which the stimuli above the lever were extinguished and responding on the lever had no programmed consequence; the house light remained illuminated. Sessions began with a different component each day and ended after 60 min. Given the aforementioned component durations, this meant that the subjects could obtain a maximum of 80 food reinforcers and 80 ethanol reinforcers per day. The administration of various drugs began after responding for food did not vary by more than 20% for 10 consecutive days.
Blood collection and blood ethanol concentration determinations
To assess the blood ethanol concentration, blood samples were collected by saphenous venipuncture immediately after the 60-min behavioral session. Samples were collected after both vehicle and drug administration. Serum was isolated and stored at -801C until the BECs (mg/dl) were quantified in duplicate using the MicroStat GM7 Analyzer (Analox Instruments Inc., Lunenburg, Massachusetts, USA). The intra-assay coefficient of variation was 2.5%.
Drugs and drug administration
The acute effects of ethanol (0.32-1.8 g/kg), DHEA (10-180 mg/kg), 7-keto DHEA (10-56 mg/kg), chlordiazepoxide (1.8-32 mg/kg), rauwolscine (1.8-18 mg/kg), and RO15-4513 (1.8-10 mg/kg) were determined after responding under the multiple schedule had stabilized. In general, drugs were administered intraperitoneally 15 min before the session, and the injection volume was generally 0.1 ml/100 g, with the exception of ethanol, which was injected as a 15% v/v solution and required different volumes for each dose. Because of the limited solubility of DHEA and 7-keto DHEA, the injection volume also had to be increased for doses larger than 32 mg/kg. DHEA (Sigma-Aldrich Corp., St Louis, Missouri, USA) was dissolved in 45% 2-hydroxypropyl g-cyclodextrin (Sigma-Aldrich Corp.) in saline. 7-Keto DHEA (kindly provided by Dr Henry Lardy, Department of Biochemistry and Institute for Enzyme Research, University of Wisconsin, Madison, Wisconsin, USA) was dissolved in a vehicle consisting of 80% v/v propylene glycol, 8% polyethylene glycol, and 2% benzyl alcohol. Rauwolscine hydrochloride and chlordiazepoxide hydrochloride were both purchased from Sigma-Aldrich Corp. and dissolved in 0.9% sterile saline. RO15-4513 (ethyl 8-azido-6-dihydro-5-methyl-6-oxo-4H-imidazo[1,5-a]-[1,4]benzodiazepine-3-carboxylate; RBI, Natick, Massachusetts, USA) was dissolved in 50% v/v propylene glycol, 11% polyethylene glycol, 2% benzyl alcohol, and 37% sterile water. Drug injections were generally administered on Tuesdays and Fridays, with vehicle or saline (control) injections administered on Thursdays. Baseline sessions (no injections) were conducted on Mondays and Wednesdays. The highest dosages of all drugs were only administered once per week to avoid the development of acute tolerance and to limit any 'carry-over' effects. The doses of each drug were administered in a mixed order and there were at least 10 days of testing without drugs between each administration.
Statistical analyses
A two-way analysis of variance (ANOVA) using SigmaStat (SYSTAT Software Inc., Point Richmond, California, USA) determined the effects of each drug on the response rate for food-maintained and ethanol-maintained responding. One-way ANOVA tests were used to isolate significant interactions and to analyze BECs and the dose of ethanol presented. Holm-Sidak post-hoc tests were used to compare drug sessions with control (saline or vehicle) sessions. The same post-hoc tests were used to carry out all pairwise comparisons when differences from the control were not significant but there was a main effect. Significance was accepted at an a-level up to 0.05 for all statistical tests.
In addition to the two-way ANOVA tests that were conducted, decreases in the response rate for both food and ethanol were characterized by calculating the ED 50 values for each drug. In the case of the response rate, the ED 50 value represented the estimated dose of drug that decreased the response rate for each reinforcer to 50% of that of the control. These values were determined by a linear regression analysis using two or more data points reflecting the downward slope of each curve. To visualize the downward slopes of each curve more easily, the raw data for each subject were first transformed into a percentage of control data. Finally, the curves for the response rate were considered to be significantly different if the ED 50 values for food-maintained responding fell outside the 95% confidence intervals obtained for ethanol-maintained responding.
Results
Subjects were trained for an average of 35 days under the sucrose-fading procedure to stabilize intake for 32% v/v ethanol. The average dose presented to subjects when 32% ethanol was available was 1.1 g/kg (1.5 ml). Responding for ethanol under the operant procedure stabilized after an average of 23 days, whereas only 13 days were required to stabilize responding under the multiple schedule of ethanol and food presentation. The mean ethanol presentation increased from 1.1 g/kg (1.5 ml) to 2.5 g/kg (3.5 ml) after the component of food-maintained responding was included. Stable responding under the multiple schedule was also indicated by the pattern of responding under the FR schedule, which was characterized by a distinct 'break and run' pattern of responding in which high, constant rates of responding were followed by brief periods with no responding before the initiation of each ratio.
The effects of increasing doses of intraperitoneally administered ethanol on the response rate (response/min) for both food and ethanol presentations are plotted in the top panel of Figure 1 . In general, the mean rate of responding in the ethanol component during these ethanol determinations was 16.94 ± 6.56 responses/min, whereas the mean rate of responding in the food component was 59.39 ± 8.48 responses/min. This difference in baseline rates of responding in each component also explains why the twoway ANOVA tests routinely found main effects for the type of reinforcer on response rates. For instance, a two-way ANOVA indicated that there was a significant main effect of reinforcer [F(1,28) = 31.450, P < 0.001] and dose [F(4,28) = 10.96, P < 0.001], as well as a significant reinforcer Â dose interaction [F(4,28) = 3.91, P < 0.02], on the response rate after ethanol administration. The reinforcer Â dose interaction was also confirmed by one-way ANOVA tests, which confirmed the effects of dose [ethanol: F(4,28) = 7.63, P < 0.001; food: F(4,28) = 7.85, P < 0.001] and indicated that responding for ethanol was affected more potently than responding for food (i.e. 1 and 1.8 g/kg significantly reduced responding for ethanol when compared with the control, whereas only 1.8 g/kg decreased responding for food). This difference in potency was also evident from the ED 50 values, which indicated that the mean ED 50 value for decreasing food-maintained responding was significantly larger than the mean ED 50 value for ethanol-maintained responding (Table 1 ). In fact, for many of the subjects, the ED 50 value for food-maintained responding could not be calculated because responding was not decreased by 50%.
For BEC, a one-way ANOVA indicated that there was a significant main effect of intraperitoneally administered ethanol [F(4,25) = 3.75, P < 0.02], but none of the doses of ethanol significantly differed from the control (Fig. 1) . Finally, intraperitoneal ethanol administration dose dependently decreased the dose of ethanol presented as there was a significant main effect of dose [F(4,28) = 19.48, P < 0.001], and post-hoc tests indicated that both 1 and 1.8 g/kg significantly reduced the dose of ethanol presented. Figure 2 shows the effect of increasing doses of DHEA (n = 7) and 7-keto DHEA (n = 9) on the response rates, BEC, and the dose of ethanol presented. As indicated by a two-way ANOVA, both the reinforcer [DHEA: F(1,28) = 54.38, P < 0.001; 7-keto DHEA: F(1,28) = 21.48, P < 0.002] and the doses of each drug [DHEA: F(5,28) = 4.94, P < 0.002; 7-keto DHEA: F(4,28) = 10.07, P < 0.001] had significant main effects on the response rate. However, the reinforcer Â dose interaction -indicates instances in which the ED 50 value could not be calculated because of the absence of substantial rate-decreasing effects, or the decreases in the response rate were greater than 50% even at the lowest dose tested (as was true for RO15-4513). CI, confidence interval; DHEA, dehydroepiandrosterone. a Mean value for food-maintained responding that is outside the confidence interval for ethanol-maintained responding V Effects of acute administration of dehydroepiandrosterone (DHEA; n = 7) and 7-keto DHEA (n = 9) in rats responding under a multiple schedule of food and ethanol presentation. Unfilled symbols represent the response rate during the ethanol component, whereas filled symbols represent the response rate during the food component. The dependent measures were the response rate (response/min), blood ethanol concentration (mg/dl), and the ethanol dose presented (g/kg). The mean rate of responding for food was 46.42 ± 5.43 responses/min during testing with DHEA and 49.14 ± 8.48 responses/min during testing with 7-keto DHEA, whereas the mean rate of responding for ethanol was 13.95 ± 3.56 responses/min and 12.97 ± 3.97 responses/min, respectively. The numbers in parentheses indicate the number of subjects for that data point when it was less than seven (DHEA) or eight (7-keto DHEA) because of the elimination of responding in some subjects at the higher doses. Asterisks indicate significant differences from vehicle administration (control). The bracket in the top panel indicates that the main effect of DHEA dose was analyzed with the data for each reinforcer combined as the interaction was not significant. In the middle panel, all of the data points within the bracket were significantly different from vehicle (V) (control).
was only significant after 7-keto DHEA [7-keto DHEA: F(4,28) = 7.98, P < 0.001; DHEA: F(5,28) = 1.47, NS] administration. Essentially, this means that DHEA decreased the dose-effect curves for both ethanol and food in a parallel manner, whereas 7-keto DHEA had effects on the response rate that depended on both the dose and the reinforcer. This was confirmed further by separate one-way ANOVA tests, which indicated that 56 mg/kg of 7-keto DHEA eliminated the significant difference between ethanol-maintained and food-maintained responding by substantially decreasing foodmaintained responding. The differences in the effects of DHEA and 7-keto DHEA on the response rate were also evident in the individual ED 50 values (Table 1) . For DHEA, the ED 50 value for every subject was lower for ethanol-maintained responding than that for food-maintained responding; however, the mean ED 50 for foodmaintained responding did not fall outside the confidence interval established for ethanol-maintained responding. For 7-keto DHEA, however, both the individual and the mean ED 50 values were very similar for ethanolmaintained and food-maintained responding because 56 mg/kg essentially eliminated responding for both reinforcers.
DHEA [F(6,33) = 15.08, P < 0.001] and 7-keto DHEA [F(4,28) = 18.11, P < 0.001] also produced significant main effects on BEC, with post-hoc tests indicating that doses of 10-100 mg/kg of DHEA and 10-56 mg/kg of 7-keto DHEA significantly decreased BEC from the control. The BEC data collected after 180 mg/kg of DHEA were not included in the repeated-measures analysis because of the fact that these data only represented four subjects; responding was eliminated for the other three subjects at 100 mg/kg. Unlike the effects of DHEA and 7-keto DHEA on BEC, the dose of ethanol presented (shown in the bottom panel) was only decreased significantly after 56 mg/kg of 7-keto DHEA [F(4,28) = 10.23, P < 0.001] when compared with the control. With respect to DHEA, the absence of an effect on the dose presented after 100 mg/kg was surprising, given the significant decrease in BEC. However, there were two different within-session patterns of responding that may have contributed to the relative absence of mean effects on the ethanol dose presented compared with BEC (data not shown). The first pattern, which was the more typical, reflected the fact that responding for food occurred at higher mean rates than responding for ethanol, and that ethanol-maintained responding consistently waned over successive ethanol components. Furthermore, when DHEA was administered, responding for ethanol was dose dependently decreased, whereas responding for food was only decreased after 100 mg/kg. These respective withinsession patterns of responding contrasted with a second pattern, which was evident in at least three subjects. In this within-session pattern, responding for both food and ethanol occurred at high rates under control conditions, and high doses of DHEA (56 and 100 mg/kg) produced relatively small decreases in responding for both food and ethanol. In other words, even though responding was decreased by DHEA, responding remained relatively high in both components and many components still alternated after 20 reinforcements rather than the designated time. More importantly, subjects with this pattern of responding were also found to have an excessive amount of liquid in the 'drop' pans below the chamber floor after DHEA administration, indicating that the response rate for ethanol did not always accurately reflect the amount of ethanol consumed.
At this point in the study, the contingencies for component alternations were altered in an effort to bring the responding of all of the subjects under better stimulus control and to eliminate any adventitious responding in the ethanol components. More specifically, the contingency that allowed components to alternate after 20 reinforcers was removed and component alternations were limited to the respective component durations (i.e. 5 min for food components and 10 min for ethanol components). Although these data are not shown, this manipulation revealed that some subjects were responding at very high rates in the ethanol component even in the absence of reinforcement; however, in the 8 weeks after the implementation of this manipulation, these subjects' response rate in the ethanol component decreased and all of the ethanol presented was consumed. To verify the consumption of the ethanol, a small catch pan was placed underneath the concave liquid reservoir. Given that this restriction on component alternations brought responding in the ethanol component under better control by eliminating adventitious responding, the rest of the drugs (i.e. chlordiazepoxide, rauwolscine, and RO15-4513) were tested with this restriction in place.
The data plotted in Figure 3 show the effects of increasing doses of chlordiazepoxide on the response rates and the dose of ethanol presented for nine rats. A two-way ANOVA indicated that there were significant main effects of reinforcer [F(1,48) = 45.78, P < 0.001] and dose [F(6,48) = 8.070, P < 0.001], as well as a significant reinforcer Â dose interaction [F(6,48) = 8.31, P < 0.001]. The reinforcer Â dose interaction was further examined by one-way ANOVA tests, which indicated that chlordiazepoxide significantly affected responding for food and ethanol [food: F(6,48) = 11.87, P < 0.001; ethanol: F(6,48) = 2.5527, P < 0.05], but differently in comparison with vehicle administration (control). More specifically, Holm-Sidak post-hoc tests found that 32 mg/kg of chlordiazepoxide significantly decreased food-maintained responding, but not ethanolmaintained responding, when compared with the control. However, the response rates for ethanol after 1.8 and 32 mg/kg were significantly different, and this difference likely contributed to the significant interaction. In terms of the rate-decreasing effects of chlordiazepoxide, the ED 50 values for ethanol-maintained and food-maintained responding were very similar, as indicated by the individual ED 50 values in Table 1 . As shown in the lower panel of Figure 3 , 32 mg/kg produced a significant decrease from the control in the ethanol dose presented [F(6,48) = 7.39, P < 0.001]. Figure 4 shows the effects of increasing doses of rauwolscine on the response rates, blood ethanol concentration, and the dose of ethanol presented (g/kg) for seven rats. With respect to the response rate, a two-way ANOVA indicated that there were significant main effects of reinforcer [F(1,30) = 10.30, P < 0.02] and dose [F(5,30) = 3.83, P < 0.01] as well as a significant reinforcer Â dose interaction [F(5,30) = 4.17, P < 0.005]. In terms of the interaction, separate one-way ANOVA tests indicated that rauwolscine significantly affected responding for food [F(5,30) = 4.02, P < 0.01] and ethanol [F(5,30) = 2.95, P < 0.05], with 18 mg/kg producing a significant decrease in food-maintained responding when compared with the control and a significant decrease in ethanol-maintained responding when compared with the lowest dose of rauwolscine (i.e. 1.8 mg/kg). Unlike the other drugs tested, rauwolscine was the only drug that decreased food-maintained responding more potently than ethanol-maintained responding in every subject (Table 1) . The rauwolscine dose also had a significant main effect on BEC [F(5,30) = 11.34, P <0.001] and the dose of ethanol presented [F(5,30) = 3.22, P < 0.02], which post-hoc tests indicated was largely due to the significant difference between 18 mg/kg and two of the intermediate doses (3.2 and 5.6 mg/kg).
The data plotted in Figure 5 show the effects of increasing doses of RO15-4513 on the response rates, blood ethanol concentration, and the dose of ethanol presented for nine rats. A two-way ANOVA indicated that there were significant effects of reinforcer [F(1,32) = 37.45, P < 0.001] and dose [F(4,32) = 6.65, P < 0.001] as well as a significant reinforcer Â dose interaction [F(4,28) = 2.689, P < 0.05]. Effects of acute administration of chlordiazepoxide in nine rats responding under a multiple schedule of food and ethanol presentation. Unfilled circles represent the response rate during the ethanol component, whereas filled circles represent the response rate during the food component. The dependent measures were the response rate (response/min) and dose of ethanol presented (g/kg). The mean rate of responding for food was 62.84 ± 10.68 responses/min, whereas the mean rate of responding for ethanol was 18.79 ± 6.05 responses/min. Letters indicate significant differences among doses (e.g. 'a' is significantly different from 'b', but not significantly different from 'a,b'). Asterisks indicate significant differences from vehicle (V) (control). Fig. 3 . V, vehicle.
The reinforcer Â dose interaction was also confirmed by one-way ANOVA tests, as RO15-4513 significantly decreased responding for ethanol [F(4,32) = 10.36, P < 0.001] at all four doses tested, whereas it only decreased responding for food [F(4,32) = 4.67, P < 0.005] at two of the doses tested (i.e. 5.6 and 10 mg/kg). However, the difference in potency was not reflected in the mean ED 50 values (Table 1) , which were comparable for both ethanolmaintained and food-maintained responding (i.e. 5.01 and 5.17 mg/kg, respectively). The similarity of the ED 50 values may have resulted from the fact that the negative slope for the decrease in ethanol-maintained responding was very shallow and spanned all four doses of RO15-4513, whereas the negative slope for the decrease in food-maintained responding was quite steep and resulted from testing the two highest doses. The sensitivity of ethanol-maintained responding to RO15-4513 administration was also evident in the main effect of dose on BEC [F(4,32) = 16.08, P < 0.001] and on the ethanol dose presented [F(4,32) = 9.43, P < 0.001]. For example, when compared with the control, 3.2-10 mg/kg significantly decreased BEC, whereas 1.8-10 mg/kg significantly decreased the ethanol dose presented.
Discussion
In contrast to previous studies on DHEA in this laboratory that utilized a limited-access two-bottle choice test (Leonard et al., 2006; Worrel et al., 2011) , rats were trained under a multiple FR-20, FR-10 schedule maintained by both food and ethanol presentation to assess the effects of ethanol, DHEA, 7-keto DHEA, chlordiazepoxide, rauwolscine, and RO15-4513 on ethanol intake. Responding for ethanol under this multiple schedule produced BECs similar to, or higher than, many binge studies utilizing operant self-administration, home-cage two-bottle choice procedures, or noncontingent ethanol infusion (Prasad et al., 2001; Ji et al., 2008; Schulteis et al., 2008) . Although operant responding for ethanol rarely produces high response rates, providing another reinforcer (e.g. food) has been shown to induce drinking behavior and produce BECs large enough to produce ataxia (Roehrs and Samson, 1981) . In addition, the multiple schedule of food-reinforced and ethanolreinforced responding was able to detect selective alterations in the intake of each type of reinforcer by drug administration irrespective of the differences in the response rate. These findings are consistent with those of a study by Ginsburg et al. (2005) , which found that similar rates of responding were not necessary to detect the effects of a drug on responding maintained by different reinforcers. For example, these investigators equilibrated responding for both ethanol and food under a multiple schedule, and found that the selective serotonin reuptake inhibitor fluvoxamine can selectively decrease ethanol-maintained responding. This finding with fluvoxamine confirmed the results from other studies using different procedures and suggested that the selective effects of the selective serotonin reuptake inhibitors were not due to different baseline levels of responding. Thus, the selective decreases in ethanol-maintained responding should not be attributed solely to the lower response rates in the ethanol components compared with the food components.
Interestingly, intraperitoneal administration of increasing doses of ethanol more potently decreased ethanol-maintained responding than food-maintained responding, but the decreases in ethanol-maintained responding did not significantly decrease BECs from the control levels. This finding suggested the possibility that subjects were titrating their responding (i.e. consumption) to maintain a consistent concentration of ethanol in the blood. These data are similar to those obtained in other studies on ethanol intake Effects of DHEA and 7-keto DHEA on ethanol intake Russell Joseph Amato et al. 257 in which acute administration of ethanol decreased ethanol preference, while producing stable BEC values (Samson et al., 2002; Mormede et al., 2004; Leonard et al., 2006) . For example, Leonard et al. (2006) found that voluntary ethanol consumption by male rats decreased as the noncontingent doses of ethanol increased; however, the total ethanol dose remained relatively stable. One argument against the notion that the rats were titrating their BEC is that the 1.8-g/kg dose decreased food-maintained responding even though BEC had not changed substantially; however, this was likely due to the large bolus injection of ethanol and the difference between cumulative and noncumulative dosing.
Unlike acute ethanol administration, intraperitoneal administration of DHEA and 7-keto DHEA produced significant decreases in BEC in the absence of significant, concomitant decreases in responding for ethanol or the ethanol dose presented. Given the previous research from this laboratory showing that DHEA and 7-keto DHEA can decrease ethanol intake Worrel et al., 2011) , the effects of these drugs on BEC alone were surprising. Moreover, even though the individual ED 50 values indicated that ethanol-maintained responding was decreased more potently than food-maintained responding in every subject, the mean ED 50 values were not significantly different because of the substantial variability across subjects. One possible explanation for the relative insensitivity of at least three of the seven subjects to the dose of DHEA and 7-keto DHEA was that responding in the ethanol component was somehow superstitiously or adventitiously 'chained' to responding in the food component (Boren, 1969) ; that is, subjects were responding as if the presentation of the stimuli for the food component were contingent upon responding during the ethanol component. Therefore, in these subjects, DHEA and 7-keto DHEA may only have been effective to the extent that these drugs can decrease food-maintained behavior or responding that is maintained by conditioned stimuli. In any case, restricting component alternations to the specified component duration substantially reduced the amount of unreinforced responding in the ethanol component and brought responding in this component under better control.
Among all of the drugs, RO15-4513 was the most selective drug for reducing ethanol-maintained responding compared with food-maintained responding, and this decrease in the response rate resulted in a concomitant reduction in BECs and the ethanol dose presented. RO15-4513 has been hypothesized to reduce ethanol intake by opposing its effects at the GABA A receptor (Suzdak et al., 1986 (Suzdak et al., , 1988 Samson et al., 1987; McBride et al., 1988) . For example, Suzdak et al. (1988) found that when 10 mg/kg of b-carboline-3-carboxylate was administered before RO15-4513, it completely antagonized the reduction in ethanol intoxication (e.g. ataxia, sedation, loss of muscle tone, and righting reflex) produced by RO15-4513, demonstrating that the interactive effects of RO15-4513 with ethanol were mediated by its effects at the benzodiazepine receptor site on the GABA A receptor complex. Interestingly, DHEA, similar to RO15-4513, has been shown to negatively modulate the GABA A receptor when administered alone (Sieghart, 1995; Imamura and Prasad, 1998) , and this is believed to occur through a neurosteroid-binding site(s) on this complex (Majewska et al., 1990; Hosie et al., 2006 Hosie et al., , 2007 . Moreover, the capacity of both drugs to negatively modulate GABA A receptors likely plays a prominent role in attenuating the effects of ethanol, which acts as a positive modulator of GABA A receptors. The mechanism by which 7-keto DHEA interacts with ethanol has yet to be determined, although there is indirect evidence that 7-keto DHEA has effects similar to DHEA in reversing scopolamine-induced memory deficits in young mice (Shi et al., 2000) . The proposed mechanism for this effect of DHEA, and presumably 7-keto DHEA, is by a reduction of GABAergic inhibition, which increases acetylcholine release and competes with scopolamine at muscarinic receptors (Nabeshima et al., 1988a; Brioni, 1993) . As a more direct means of determining 7-keto DHEA's mechanism of action, studies utilizing radiolabeled 7-keto DHEA, as well as whole-cell recording of chloride influx (e.g. patch clamp technique), will be necessary. In terms of the behavioral effects of DHEA and RO15-4513, both compounds have been shown to reverse the memory-impairing effects of ethanol (Nabeshima et al., 1988b; Castellano and Populin, 1990; Melchior and Ritzmann, 1996) , and these effects have thus far been attributed to the capacity of these compounds to interfere with ethanol's actions at the GABA A receptor.
The effects of chlordiazepoxide on ethanol intake have been reported to be dependent on a variety of variables, such as the schedule of reinforcement, preference for ethanol, and the availability of alternative reinforcers (Barrett and Weinberg, 1975; Samson and Grant, 1985; Meert, 1993) .
In the present study, only a high dose of chlordiazepoxide (32 mg/kg) significantly decreased food-maintained responding compared with the control and ethanol-maintained responding compared with the lowest dose of chlordiazepoxide. Although chlordiazepoxide has previously been shown to produce hyperphagic effects in rats (Sanger, 1984; Cooper and Moores, 1985; Winsauer et al., 1994) , food-maintained responding was not increased; however, this may have been difficult to show, given that the FR-20 schedule of food presentation generated fairly high rates of responding, and benzodiazepines can produce rate-dependent effects. Rate dependence commonly refers to drugs that decrease high rates of responding and increase low rates of responding under certain operant schedules (Sanger and Blackman, 1976) . It is unclear as to why chlordiazepoxide did not increase ethanol-maintained responding. An interesting possibility is that the rate-dependent effects of chlordiazepoxide interfere with its capacity to decrease the response rate in the ethanol component. Nonetheless, the interaction of chlordiazepoxide and ethanol in the present study was consistent with that in a study by Leonard et al. (2006) showing that another benzodiazepine, flunitrazepam, had marginal effects on ethanol intake.
Similar to chlordiazepoxide, the highest dose of rauwolscine tested significantly decreased food-maintained responding compared with the control and significantly decreased ethanol-maintained responding compared with the lowest dose tested. The only difference between these drugs under this baseline was that low to intermediate doses of rauwolscine tended to produce small (nonsignificant, P = 0.057) increases in ethanol-maintained responding. For example, the increase in ethanol-maintained responding after 5.6 mg/kg increased the mean BEC for the group by almost 40 mg/dl. In previous studies, a 2 -receptor antagonists such as rauwolscine have been shown to increase drug-seeking behavior and ethanol intake Marinelli et al., 2007; Cippitelli et al., 2010) , and these effects have frequently been attributed to their reported anxiogenic effects in both humans (Holmberg and Gershon, 1961; Bremner et al., 1996b) and nonhumans (Lang and Gershon, 1963; Venault et al., 1993; Bremner et al., 1996a; Erogl and Guven, 1998) . Similar to the a 2receptor antagonists (e.g. rauwolscine and yohimbine), many of the negative GABA A receptor modulators (e.g. RO15-4513, DHEA-S, and b-carbolines) have been shown to be anxiogenic, but these drugs do not uniformly increase drinking (Belzung et al., 1987 Lister, 1987; Misslin et al., 1988; Frye and Lacey, 1999) . In this study, rauwolscine significantly decreased food-maintained responding at a dose of 18 mg/kg, which is in accordance with a study by Callahan et al. (1984) , in which rauwolscine produced hypophagic effects in both lean and genetically obese mice. The failure to find significant increases in drinking and BECs similar to other studies Marinelli et al., 2007; Cippitelli et al., 2010) , however, may be because of the large volumes of ethanol that are already consumed during the session (i.e. a ceiling effect). To test this possibility, future studies will need to establish a behavioral baseline that maintains lower levels of ethanol consumption that can be increased more easily.
In summary, DHEA, 7-keto DHEA, and RO15-4513 significantly decreased BECs at doses that did not affect food-maintained responding in rats. For RO15-4513, these decreases in BEC were concomitant with decreases in ethanol-maintained responding, whereas for DHEA and 7keto DHEA, the decreases in BEC were concomitant with decreases in ethanol-maintained responding only in subjects that were not responding adventitiously or superstitiously in the ethanol component. The fact that neither DHEA nor RO15-4513 has been shown to alter the metabolism of ethanol (Melchior and Ritzmann, 1992;  Buczek et al., 1997) also supports the similarity of the effects of DHEA and RO15-4513 in those subjects whose responding was controlled solely by ethanol presentation.
One new aspect to the current findings with DHEA and 7keto DHEA was that both drugs decreased BEC and ethanol-maintained behavior over a relatively compressed time period compared with previous studies from this laboratory. More specifically, in previous studies, DHEA only decreased ethanol intake after multiple injections, which could not rule out genomic effects of DHEA as a potential mechanism of action Worrel et al., 2011) . In the present study, these neurosteroids produced changes in drinking behavior within minutes, a timescale that would seem to preclude genomic effects (cf. Belelli and Lambert, 2005) , which develop relatively slowly (over minutes to hours) and often persist long after the disappearance of the steroid from the brain. Although 7-keto DHEA was more potent than DHEA and the effects were not identical, there is the possibility that the metabolism of DHEA to 7-keto DHEA may contribute to the effects of DHEA on ethanolmaintained responding. 7-Keto DHEA would also have a distinct advantage over DHEA as a treatment for alcohol abuse and dependence in that it does not act as a precursor for the sex hormones (Lardy et al., 1998) and would be free of the adverse effects associated with increased production of testosterone and estradiol (Panjari and Davis, 2007) . Furthermore, unlike the sulfated form of DHEA (DHEA-S) (Ticku and Kulkarni, 1988) and the negative modulator RO15-4513 (Karp et al., 2009) , there is very little evidence that DHEA (Heuser et al., 1965) or 7-keto DHEA is proconvulsant unless administered in large concentrations directly into the brain. In contrast, RO15-4513 has been shown to be convulsant in rats at relatively high doses, and a study by Miczek and Weerts (1987) found that small doses of this compound (1 mg/kg) in primates produced overt seizure-related behaviors (e.g. tremors) including a fatal tonic-clonic seizure in one subject. Proconvulsant effects of this kind have also precluded its use in humans. Conversely, 7-keto DHEA does not produce toxicity in rats at doses as high as 2000 mg/kg and in monkeys at doses as high as 1000 mg/kg (Davidson et al., 2000) . In addition, 7-keto DHEA has been shown to be well tolerated in humans at doses as high as 200 mg/kg and is available over the counter as well as in some nutritional supplements (cf. Arsenou et al., 2003) . These characteristics of 7-keto DHEA suggest that it may have therapeutic advantages over DHEA and that both of these compounds may produce fewer of the adverse effects that are generally associated with other negative GABA A receptor modulators (Lardy et al., 1998) .
